ABSTRACT. Identifying factors that determine the spatial distribution of threatened species is key to ensuring their conservation. The Bare-faced Curassow (Crax fasciolata) is a globally threatened bird that is categorized as Vulnerable, and its populations are declining in the gallery forests of the Humid Chaco. To evaluate the effect of human activities and environmental characteristics on the occupancy of Bare-faced Curassows, we sampled 48 sites along two rivers in northern Argentina. Bare-faced Curassows were recorded in 46% of the sites visited. The anthropic activities were identified as hunting pressure, selective logging of timber, and livestock production. Hunting and logging were positively associated with each other, and in turn, negatively related to village distance. We evaluated 17 occupancy models using six predictive variables. Occupancy by the Bare-faced Curassow was positively influenced by the distance to the nearest village and by forest cover. To a lesser extent, occupancy was also positively associated with an increase in availability of trees with fleshy fruits and with river course length. Our results indicate that hunting pressure and selective logging are limited by the cost of access from populated areas. Thus, distance to the villages was a good indicator of these human activities along the gallery forests and could be used to determine the spatial distribution of the Bare-faced Curassow in its southern range. Our study highlights the value of using presence/absence surveys and occupancy models for assessing threats of threatened and elusive species such as cracids.
INTRODUCTION
Understanding the factors that determine the presence of threatened species contributes to effective conservation and management strategies (Caughley 1994 , Guisan et al. 2013 . Species distribution on a regional scale is related mainly to climatic and biogeographic environmental factors (Rahbek and Graves 2001 , Willis and Whittaker 2002 , Pearson and Dawson 2003 , and at a local scale, with other factors such as habitat availability (Fahrig 2001) , presence of specific resources (Guisan and Thuiller 2005) , and interaction with other species (Wisz et al. 2013) . However, the current distribution of many threatened species is also limited by threats associated with human activities such as hunting pressure (Benitez-Lopez et al. 2017) , and habitat loss and fragmentation (Thornton et al. 2012 ).
The family Cracidae includes chachalacas, guans, and curassows, which are large birds (> 1 kg) that inhabit Neotropical forests (del Hoyo 1994) . It is one of the most threatened bird families in the world, with 50% of species in some category of extinction risk (Birdlife International 2017) . The main threats to cracids are hunting pressure and habitat loss (Cancino and Brooks 2006) . As large frugivores, cracids play a key role in the functioning of Table 1 . Description of ecological and human variables, their predicted influence on occupancy (Ψ), on detection probability (p), and a priori hypothesis (β1) for modeling the occupancy of Bare-faced Curassow of the Humid Chaco, northern Argentina. The variables with an asterisk were not included in the occupancy models. forests, so their local extinction could generate changes in the abundance of plants , Bueno et al. 2013 (Bird et al. 2011 , Tracewski et al. 2016 . In Argentina, Bare-faced Curassow populations have disappeared from most of their historical range, and the species is currently restricted to the gallery forests in the northeastern provinces of Formosa and Chaco (White 2001 , Chebez et al. 2008 , MAyDS and AA 2017 .
Occupancy modeling is a powerful tool used to make inferences about the spatial distribution and habitat use of rare or elusive species with behaviors that hinder their detection, as is the case of Bare-faced Curassows (Mackenzie et al. 2006, O'Connell and Bailey 2011) . These models incorporate the probability of detection and simultaneously estimate occupancy and detection probabilities of a species on a site through repetitive sampling performed over a short period of time Royle 2005, Mackenzie et al. 2006) . In this way, imperfect detection is taken into account and "false absences" are eliminated, thus avoiding biased estimations (Mackenzie et al. 2002) .
The goal of our work was to use occupancy models to study the environmental and human factors that determine the current distribution of Bare-faced Curassow populations in northern Argentina. We hypothesized that logging, hunting pressure, and presence of livestock would all have a strong negative influence on the Bare-faced Curassow's distribution, while village distance, forest cover, availability of fleshy fruit trees, and length of river would have a positive effect (Table 1) . Logging would have a negative influence because it produces changes in the forest structure, generates forest gaps, and increases accessibility to the gallery forest by hunters, livestock, and agriculture. Hunting pressure would also have a negative effect because removing individuals of a long-lived species with a low reproductive rate, as is the case of the Bare-faced Curassow, would have a greater impact on the population´s recruitment. Livestock presence in the forest would change the forest's structure and affect the species richness, which would negatively influence the Bare-faced Curassow's presence. These human activities would decrease with village distance; therefore, the distance to the village would have a positive effect on the distribution of this species. Forest cover, availability of fleshy fruit trees, and presence of watercourses would be important ecological characteristics for the Bare-faced Curassow presence.
METHODS

Study area
Humid Chaco is one of the subregions of the Gran Chaco ecoregion of South America. It is composed of lowland savanna with an extensive matrix of pastures and wetlands, where patches of different types of forests are dispersed (Guinzburg and Adámoli 2005). The climate is subtropical, with an average annual temperature of 22°C and average annual precipitation of 1300 mm (Placci and Holz 2004) . Rainfall is seasonal, with a winter minimum (monthly average of 50 mm) and a summer maximum (monthly average of 150 mm) but with a tendency toward a double peak at the end of spring (200 mm) and a greater one at the beginning of autumn (220 mm) (Guinzburg and Adámoli 2005).
Gallery forests occur along rivers that cross the Humid Chaco savanna. Although these forests never exceed 1000 m in width, they are the second most biodiverse habitat in Argentina (Brown et al. 2006) . In spite of their high conservation value, the percentage of gallery forests protected is low (< 1%) (Ginzburg and Adámoli 2005) . The structure of these forests is stratified; they have a canopy at 15 m with emergent trees that can be up to 25 m tall (Placci 1995 but is denser at intermediate altitudes, and the soil is shady, covered with scattered shrubs and bromeliads (Placci and Holz 2004) . The lowest elevational sector of these forests is subject to an average of 108 days of flooding per year (Placci and Holz 2004) .
We carried out our study in the gallery forests of the Monte Lindo and Pilagá Rivers, in the eastern area of the province of Formosa, where the main Bare-faced Curassow populations of Argentina are currently located ( Fig. 1 ). There are two small-populated areas: Colonia Dalmacia on the Monte Lindo River, which has 200 human inhabitants, and Mojón de Fierroon on the Pilagá River, which has 3000 inhabitants. The primary anthropic activity in the study area is livestock production, although local people perform other activities such as timber extraction, fishing, and hunting.
Sampling sites
To select the sites in our study area, we generated a grid of hexagonal cells over a satellite image of the gallery forests of both rivers, covering a total area of 120 km 2 . From the grid, we randomly selected 50 hexagons (Fig. 1) . We defined the area of each site as a hexagon of 50 ha, which is considered to be the size of the core territory of Crax (ranges from 20 to 200 ha) Barreto 2008a, de Coster 2011) and takes into account the constraints of the linear layout and small size of gallery forests in the study area.
Data collection
We carried out fieldwork from June to August 2016. At each site, we conducted transect surveys that were designed a priori according to the disposition of the rivers and the forests in each site, and which were parallel and perpendicular to the rivers and had a length of between 2 and 4 km. We designed transects as straight lines, but when there was water inside the forest or the understory was dense, we walked where we could, always keeping the original direction. We surveyed each site three times between 0700 and 1800 hours. Due to logistics, accessibility, safety, and time constraints, some sites were visited by one observer and others by two. Both observers had previous experience in monitoring and investigation of this species. We conducted the surveys of each site either on the same day or on consecutive days in order to ensure that occupancy status of the sites did not change during the study period. In order to ensure the assumption of survey independence, we separated surveys by a minimum of one hour, as recommended by . To avoid a possible "time of day" effect, we ensured that all sites were sampled during the same times of the day.
During each survey, we recorded the presence/absence of Barefaced Curassows. Presence was defined either through direct observation or "alarm" vocalizations. In each site, we recorded eight variables related to habitat and anthropogenic activities that could affect the probability of occupancy (Table 1) . We selected these variables because we expected a higher probability of occupancy in sites where logging, hunting, and livestock activities were absent, and where village distance, availability of trees with fleshy fruit, forest cover, and length of the river were greater (Wallace et al. 2001 , Denis et al. 2016 .
Within each site, we recorded the human activities as discrete variables. Evidence of hunting presence included encounters with hunters, shots heard, and traces of recent hunting activity (evidence of campfires, cartridges, and hunted animals remains).
Evidence of logging activity included remains of trees cut down by chainsaws and discarded wood. Thus, we transformed logging and hunting activities into dichotomous variables (presence/ absence). We considered cattle raising to be present when cattle or their traces (as feces, observation, and tracks) were encountered along the transects. Also, we counted individuals of five species of trees whose fleshy fruit was previously identified as diet items of Bare-faced Curassows: Chrysophyllum gonocarpum, Plinia cauliflora, Ficus luschnathiana, Myrcianthes pungens, and Syagrus romanzoffiana (Zalazar, unpublished data) . We determined the distance to the nearest village, forest cover percentage, and river course length within each site using ArcGIS software (version 10.3 ESRI, Redlands, California, USA). We also included the observer effect as a detection covariate ). We standardized discrete variables by the length of each transect surveyed, and then all variables were z-transformed, such that the mean was equal to zero.
Data analysis
To assess the effect of variables on the occupancy probability of Bare-faced Curassows (Ψ), we constructed single-season occupancy models that were developed by MacKenzie et al. (2006) . This approach has four assumptions: (1) the occupancy status of the sites does not change during the study period (the sites are "closed"); (2) the probability of occupancy is the same in all sites, or the differences in the probability of occupancy are modeled using variables; (3) the probability of detection of the species is the same in all sites or is a function of the site variables; and (4) detection of the species and detection history are independent between sites (MacKenzie et al. 2006 ).
We built a detection history with three surveys for each site. In the case in which one of the three surveys in a site could not be conducted, that survey was considered to be "missing" (Mackenzie et al. 2006) . To avoid multicollinearity of anthropogenic variables, we evaluated the relationship between hunting and logging presence using Pearson's Chi-square test, and we modeled their relationship with village distance using generalized linear models with a binomial distribution (McCullagh 1984) . We employed a stepwise regression (Crawley 2007) , and carried out all analyses using R software (version 3.4.4, R Core Team 2018).
We generated all potential models using "unmarked" package in R (Fiske and Chandler 2011) . First, we evaluated the simplest model in which we assumed that the probability of occupancy and detection were constant. We then incorporated predictor variables related to occupancy and detection with a logit link function. We limited the number of parameters according to the number of detections in the data set (Mackenzie et al. 2006) , so we evaluated models with up to five parameters, including the intercept and the probability of detection.
To identify the best models, we used the Akaike information criteria (AIC) corrected for small samples (Akaike 1973, Burnham and Anderson 2002) . Models with ΔAICc < 2 were considered to be the most parsimonious models. We evaluated overdispersion by means of the bootstrap goodness-of-fit test (n = 1000, bootstrap samples) (Mackenzie and Bailey 2004) . We generated an average model and evaluated the relative importance of each covariate and the magnitude of the effect of each one on the occupation probability by calculating the 95% confidence intervals of the β coefficients, using the fitting function "model. avg" of the "MuMIn" package (Burnham and Anderson 2002) . When the confidence interval did not include zero, we considered the effect of the covariate to significant (Manly et al. 2002) .
From the construction of the average model, we estimated the probability of conditional occupation for each site sampled (Ψˆi), and then we calculated the average conditional occupation probability (Ψ) for the entire study area (with a 95% confidence interval).
RESULTS
We visited 48 sites, and in each survey, we walked an average of 2.36 ± 0.75 SE km. We conducted a total of 134 surveys, with a total of 315 km walked. Bare-faced Curassows were detected at 22 sites, three in the Pilagá River area and 19 in the Monte Lindo River area (Ψ naïve = 0.47). We observed 89 individuals on 35 occasions. We identified 49 males and 26 females. The number of individuals in each detection varied between 1 and 6, with an average of 2.5 ± 1.5 SE. Fifty percent of the records occurred at a distance of less than 50 m from the river course, 29% between 51 and 100 m, and the rest greater than 100 m.
Logging and hunting pressure were significantly associated with each other (χ² = 6.5, df = 1, P < 0.05). Logging showed a significant negative relation to village distance (β = -0.35 ± 0.12, χ² = 6.08e-05, df =1, P < 0.05) (Fig. 2a) , while hunting pressure was negatively related to village distance (β = -0.021 ± 0.01, χ² = 0.05, df = 1, P < 0.05) (Fig. 2b) . Hence, we decided to incorporate only village distance as a covariate in the occupancy model. We built 17 models a priori using six variables. The three best models that explained Bare-faced Curassow occupancy included distance to the villages, forest cover, length of river course, and availability of fleshy fruit trees ( Table 2 ). The top model, with lowest AICc and greatest Akaike weight (37%), included distance to villages and forest cover. Livestock was not associated with any top-ranked model. Also, the probability of detection was not associated with any covariate and remained constant in all the sampling units (p = 0.46 ± 0.08).
Occupancy increased as village distance, forest cover, river course length, and fleshy fruit tree availability increased (Fig. 3) . Among these, village distance was the only variable with a strong effect on Bare-faced Curassow occupancy and had the greatest weight in the average model (w = 93%). This was followed by forest cover (w = 40%) ( Table 3 ). The probability of conditional occupancy (Ψ) by the Bare-faced Curassow that was estimated for the study area was on average 0.55 ± 0.16 SE (Fig. 4) . We found a greater occupancy of this species in the Monte Lindo River (0.66 ± 0.14 SE), where the human population is less and accessibility is more difficult compared with that of the Pilagá River (0.43 ± 0.18 SE). Also, distance from the villages to sites with the highest probability of occupation by the Bare-faced Curassow varied significantly between the rivers (Fig. 5 ).
DISCUSSION
Our results indicate that the hunting of wild animals and wood extraction in the gallery forest is facilitated by the proximity of Fig. 4 . Maps of conditional occupancy probability for Baredface Curassow in the Humid Chaco, northern Argentina. The conditional occupancy probability was estimated by the average model for this species.
villages and accessibility to the rivers from the villages. These anthropic effects could limit the distribution of Bare-faced Curassows in gallery forests in northeastern Argentina. We also found that the decrease in forest cover negatively affected occupancy by Bare-faced Curassows along the rivers. Most species of cracids are threatened by human activities, including hunting (Barrio 2011 , Kattan et al. 2015 , as well as by forest loss and fragmentation (Melo-Vásquez et al. 2008 , Thornton et al. 2012 , Pardo et al. 2017 ). However, Kattan et al. (2015) suggest that hunting is the main threat to cracids. Moreover, several studies have reported that the Bare-faced Curassow is a species that is frequently hunted throughout its distribution (Townsend et al. 2002 , Peres and Nascimento 2006 , Cajaiba et al. 2015 , de Paula et al. 2017 ). On the other hand, selective wood extraction changes the structure of the Bare-faced Curassow's habitat by generating forest gaps, which are quickly covered by invasive shrubs. Furthermore, selective logging produces indirect disturbances because it increases accessibility to the gallery forest by hunters, livestock, and agriculture (Bennett and Robinson 2000, Putz et al. 2000) .
Village distance explained much of the occupancy because it was a good proxy for the two main threats that the Bare-faced Curassow faces along the gallery forest of the rivers. In other studies, distance to populated areas has been used as a variable of occupancy, assuming that distance can be an indirect measure of anthropic effects on wild animal populations (ArroyoRodríguez et al. 2008 , Marinho et al. 2018 , Pardo et al. 2017 . However, in our work, we were able to measure these effects and confirm the direct relationship between hunting and selective logging with village distance. Berkunsky et al. (2014) proposed that this variable can be used to predict the range of spatial distribution of parrot species that are affected by human presence in the savannah of Beni, Bolivia. Considering this, it could be used as a key tool to identify important areas for the conservation of persecuted species, such as cracids.
In our occupancy models, we also identified the availability of fleshy fruit trees and affinity to the watercourses as important ecological characteristics for Bare-faced Curassow presence. This is because cracids are mainly frugivorous, and their diet is based primarily on fruits such as drupes, berries, and arils Kattan 2007, Bertsch and Barreto 2008b) . Likewise, the presence of Crax fasciolata near watercourses has been documented (Wallace et al. 2001 , Fernández-Duque et al. 2013 , as has that of other species in the genus (Alarcón-Nieto and Palacios 2008, Hill et al. 2008) . However, such variables had a lower weight than the threats of anthropic origin.
We did not find an effect of the presence of cattle on Bare-faced Curassow occupancy. Livestock presence in the forest produces a change in plant structure and affects plant species richness (Stern et al. 2002 , Macchi and Grau 2012 , Lucas et al. 2016 . The lack of association between livestock and Bare-faced Curassow occupancy could be due to livestock being ubiquitous throughout the study area because livestock production is the main economic activity in the region.
Following the criterion of Pardo et al. (2017) in which a species ceases to be rare when occupation is greater than 50%, the Barefaced Curassow ceases to be rare (Ψ> 0.50) only after 7 km from small villages. If we dissect our results according to rivers, occupation was greater than 0.50 at about 2.5 km from Colonia Dalmacia (100 inhabitants) and about 10 km from Mojón de Fierro (3000 inhabitants). This may be due to increased hunting pressure, selective logging, and other disturbances that affect availability of resources and structure of forests (Bennett and Robinson 2000 , Putz et al. 2000 , Azevedo-Ramos et al. 2006 , Pardo et al. 2017 . Our results agree with a recent review by Benitez-Lopez et al. (2017) , who analyzed 176 studies conducted in the tropics and found that game bird populations are depleted, on average, within 7 km of populated areas. They also state that a higher density of inhabitants implies a greater exhaustion of game species, given that game and subsistence hunting intensified near large cities.
We also showed that there was a skew toward males in our sampling (approximately 2:1 male to female ratio), which could be due to detection bias since males vocalize more and have conspicuous plumage, unlike females, which vocalize less and have cryptic plumage (del Hoyo 1994) . Given that Bare-faced Curassow are territorial, they are commonly observed alone or in pairs (Desbiez and Bernardo 2011) , but in winter they congregate with neighboring families, which would explain the observations of groups of up to six individuals during our study. The sex ratio and the size of the groups detected were similar to that found by Fernández-Duque et al. (2013) in a study conducted with camera traps.
Conservation implications
The current state of the Bare-faced Curassow in Argentina is critical. Its populations have been extirpated from the provinces of Misiones and Corrientes (MAyDS and AA 2017), and currently, populations remain in some gallery forests along the rivers in the eastern provinces of Chaco and Formosa. Only two small populations are protected at Rio Pilcomayo National Park and Guaycolec Provincial Reserve, both in the province of Formosa (Di Giacomo 2005) . This reserve constitutes a very small proportion (< 1%) of the Humid Chaco habitat (Ginzburg and Adámoli 2005, Di Giacomo 2005) , despite the Bare-faced Curassow's critical status and the importance of gallery forests as biological corridors and sites of high biodiversity.
The Bare-faced Curassow has recently been declared a Provincial Natural Monument of the provinces of Formosa (law N°1 582/12). Under this law, the hunting of this species is prohibited and penalized. However, in practice, there are not sufficient control agents to enforce the law. Therefore, we consider that the most urgent measure is the generation of an effective monitoring program and the control of game hunting, especially in easily accessible zones. Nevertheless, other actions are needed to conserve this species. We consider the best strategy to be the joint promotion of (1) the creation of state and private protected areas where populations remain, (2) reintroduction programs, and (3) local ecotourism programs. Ecotourism as well as the creation and maintenance of protected areas could play a key role in socioeconomic development in the local communities, which would enable both species conservation and the generation of local culture for conservation. Cracid reintroductions have been used as a conservation tool for the restoration of threatened species, as was the case with Crax blumenbachii (São Bernardo 2012), Pipile albipennis (Angulo and Barrio 2004) , and Aburria jacutinga (Oliveira et al. 2016 ). Reintroduction and ecotourism are being carried out effectively in some parts of the Argentinean Chaco, as happens in Iberá -Corrientes province (Caruso and Jiménez Pérez 2013 , Di Blanco et al. 2015 , Zamboni et al. 2017 , where local hunters started working as provincial park rangers or local guides, which created a socioeconomic change in the region. Another example of the application of these strategies is the case of the Pantanal regions (Tortato et al. 2017) or the case of the Mocagua island in Colombia, where local inhabitants work as guides for tourists who travel specifically to observe and learn about the rare species Crax globulosa (Bennet 2003) . All these actions should be accompanied by strong education programs, information campaigns, and community engagement activities, such as those made in the Central Amazon, Brazil, by Chaves et al. (2017) .
Our results highlight the importance of using occupancy models to study patterns of spatial distribution of elusive and/or threatened species, since incorporating imperfect detection improves the estimation of occupation at a low cost (MacKenzie et al. 2002 , Marinho et al. 2018 . We were able to provide evidence of an effect of distance to nearest village and of the inhabitants numbers on the distribution of the Bare-faced Curassow, and this information can be used to prioritize efforts to mitigate hunting pressure through local community and authority engagement. Given that the distance to populated areas, human population densities, and forest cover can be obtained from satellite images and databases, the results of our occupancy models could also be used to improve estimations of the current area of occupancy by the Bare-faced Curassow and other cracid species that have similar behavior and experience similar threats.
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